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1. SCOPE
1.1 Project Identification

Project Title: LRO-LAMP: Flight and Ground Software

Project Number: 15-11239

Softwar e Project Manager: Maarten Versteeg

Start Date Phase C/D: 11/01/2005

End Project: 2/18/2008 (instrument delivery to GSFC)

1.2 Project Overview

Southwest Research Institute develops a UV speetenminstrument LAMP for flight on the LRO
mission. The LRO project is part of the Robotimhu Exploration Program and is being developed by
GSFC. The LRO spacecratft is planned to be launché&ttober 2008, for a basic 1 year mission. The
lunar mapping mission will be preformed from a 50, K13 minute lunar polar orbit.

The LAMP instrument will be almost identical to tAéice instrument that is being prepared for launch
on the New-Horizons mission to Pluto. The mostaht® extension to the instrument is a Lunar
Terminator Sensor (LTS). This sensor is used gy itfstrument to autonomously detect the lunar
terminator passing and switch the instrument betwae active and safe mode. Using this LTS is
possible to acquire science data close to the liegnarinator without very precise orbit knowledge.

1.3 Document Overview

This document contains the software users manuath® LRO-LAMP instrument. Although it is in
principle a software users manual, it describesyntdirihe instrument operational systems aspectheas
software determines many of these. The documenists on the software referred to as the flight
software (LAMP Flight Software - LAFS) but were de€ it will also include some aspects of the LAMP
GSE system and its software (referred to as themgtsoftware: LAMP Ground Software - LAGS). In
some cases, operational issues are mentioned thabriginate from the spacecraft or spacecraft GSE
level.

Chapter 2 of this document starts with a generatmjation of the function and operations of the RO
LAMP instrument; this provides a framework for instrument operations. This chapter also describes
some operational aspects and the relations bettheatifferent parts of the LRO-LAMP system.

The next chapter (Chapter 3) contains an overviethe instrument operations. This chapter dessribe
the general operations and is intended to providiécent context to enable understanding of theeno
detailed description focusing on details that mvaied in the next chapter (Chapter 4). This sthoodke

it possible to understand the descriptions givethat chapter for which no order could be found tha
would allow for sequential reading.

In a number of appendixes, the detailed descriptibthe telemetry is given including the compete
description of the low speed telemetry and thectatenands including parameters and operational
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effects. Also listed in Appendix F are the congenitthe internal stored parameter list, the megnirthe
stored entries and their initial and hard-codechditfvalues. The last appendix lists the erroresadhat
are used by the software to report problems ield fi the housekeeping telemetry.

1.4 Related Documents

Document ID:

11239-LAMP-SDP-01

Originator: Southwest Research Institute, San AptdixX

Issue: Release 1, January 2006

Title: Software Development Plan for LRO-LAMP Fligdhd Ground Software

Applicability: ~ Describes the processes and prooeslwsed for software development of the PERSI-
LRO-LAMP flight and Ground software.

Document ID:  11239-LAMP_SRS-01

Originator: Southwest Research Institute, San AntdiX

Issue: Revision 0, March 2006

Title: Software Requirements Specification for HRO-LAMP Flight and Ground Software

Applicability: ~ Describes Software Requirements Sfieation for LRO-LAMP Flight and Ground

Document ID:

software.
11239-LAFS_SDD-01

Originator: Southwest Research Institute, San AntdiX
Issue: Revision 0, Change 0

Title: Software Description Document LAFS software
Applicability: ~ Describes as build LRO-LAMP Fligho&ware.

Document ID:

11239-LAFS_VDD-01

Originator: Southwest Research Institute, San AptdixX

Issue: Revision 0, Change 0, February 2007

Title: Version Description Document for LAFS softearersion 1.00
Applicability: ~ Describes as build LRO-LAMP Fligho&ware.

Document ID:  PAIP-05-15-11239

Originator: Southwest Research Institute, San AntdiX

Issue: Revision 0, November 2005

Title: Performance Assurance Implementation Plan.®O-LAMP Instrument
Applicability: ~ Overall PAIP for LRO-LAMP

Document ID:

431-1CD-000106

Originator: Goddard Space Flight Center

Issue: Revision — March 2006

Title: LAMP to Spacecraft Data Interface Controlddment

Applicability: ~ Contains data interface descriptioetween Spacecraft and LAMP Instrument
Document ID:  431-ICD-000096

Originator: Goddard Space Flight Center

Issue: Revision — March 2006

Title: LAMP to Spacecraft Electrical Interface CaitDocument

Applicability: ~ Contains electrical interface degtion between Spacecraft and LAMP Instrument

Document ID:

11239-IRD-01

Originator: Southwest Research Institute, San AptdixX
Issue: Revision 0, February 2006
Title: Instrument Specification for the LRO-LAMP

Applicability:

Contains LAMP Instrument description
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Document ID:  11239-CDHSPEC-01

Originator: Southwest Research Institute, San AntdiX
Issue:
Title: Specification for the LRO-LAMP Electronics

Applicability: ~ Contains specification of the hardwaof the LRO-LAMP C&DH

1.5 Acronymsand Abbreviations

Acronym Explanation

A Ampere

ACQMEM Acquisition memory

Alice Previous UV spectrometer instruments, justfyra name
AnodeV Anode voltage

APID Application ID

bps bits per second

C&DH Command and Data Handling
CCSDS Consultative Committee for Space Data Systems
CM Command Message

CRC Cyclic Redundancy Check

DDL Double Delay Line

EEPROM Electrically Erasable PROM

EGSE Electrical Ground Support Equipment
EM Electrical Model

FIFO First In First Out (buffer)

FM Flight Model

GSE Ground Support Equipment

GSEOS Ground Support Equipment — Operating System
HK Housekeeping (data packet)

HS High Speed (Telemetry)

HV High Voltage

HVPS High Voltage Power Supply

HW Hardware

Hz Hertz — 1/second

I&T Integration and Test

I/F Interface

ICD Interface Control Document

ISR Interrupt Service Procedure

ITF Instrument Transfer Frame

kbps kilo bits per second (= 1000 bps)

kHz kilo Hertz = 1000 Hertz
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Acronym Explanation
kv kilo Volt = 1000 Volt
LAT Limited Angle Torque (motor)
LS Low Speed (Telemetry)
LVDS Low Voltage Differential Signal (high speederface specification)
LVPS Low Voltage Power Supply
Mbps Mega bits per second
MCP Micro Channel Plate (detector)
McpV MCP voltage
MET Mission Elapsed Time
ms milli second
NH New Horizons
OAP Off-Axis Parabolic mirror
LAFS LAMP Flight Software
LAGS LAMP Ground Software
P-Alice PERSI-Alice to distinguish it from Rosetdice (R-Alice)
PC Personal Computer
PERSI Pluto Exploration Remote Sensing Investigatio
PHD Pulse Height Distribution
PPS Pulse Per Second
PROM Programmable Read Only Memory
RAM Random Access Memory
S, sec seconds
S/IC Spacecraft
SMA Shape Metal Alloy (actuator)
SMM State Machine Mode (backup acquisition mode)
SOC Solar Occultation Channel
SRS Software Requirements Specification
SSR Solid State Recorder (spacecraft data storage)
STB Software Test Bed
Stripl strip current
SW Software
SwRI Southwest Research Institute
TC TeleCommand
TiNi Brand name of used shape metal alloy (SMA)atirs
™ Telemetry
pA Micro Ampere = 16 Ampere
UART Universal Asynchroneous Receiver / Transmitter
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Acronym Explanation
uv Ultraviolet
WPA Wax Pellet Actuator
XOR Exclusive OR (logical operation)

1.6 Notation Conventions

Wherever a specific reference is made to a Teleammna field in the Housekeeping packet (see
Appendix C), or a field in the Parameter file (#ggendix F), the parameter name will be preceded by
respectively ‘“Tc_’, ‘Hk_ " or ‘P_". Error codes anedicated by their name and are preceded by lcaserc
letters ‘ec’, all error codes are listed in Appendi.
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2. INSTRUMENT SYSTEM OVERVIEW

This section gives an overview of the LRO-LAMP mstent including operations and describes the
different software modules within the LRO-LAMP insinent system and their relations. The LRO-
LAMP instrument is part of the LRO investigatiorytthas an independent electrical and mechanical
interface with the LRO spacecraft.

To provide a context for the description of the t&afe and the interfaces, this chapter starts ath
overview of the LAMP Instrument. The LRO-LAMP spexneter consists of an optical system and the
controlling/power electronic hardware. To provida overview of the spectrometer functions, the
operational modes and the produced science datdraefly described. Next an overview of the
instrument electrical hardware is provided, as ithiseeded to understand the functions that thevao
has to perform. Finally, the interfaces of thghti software to the different hardware componengs a
described.

2.1 LRO-LAMP Instrument overview

An opto-mechanical view of the LAMP UV spectrometestrument is shown in Figure 1. The
instrument is a relatively simple design, consgstiri a telescope, a Rowland-circle spectrograptl,aan
electronics section. The telescope section con@if® x 65 mrhclear aperture off-axis paraboloidal
(OAP) mirror. The OAP collects the incoming lightat passes through the entrance aperture at the fro
end of the instrument and directs it towards theagce slit of a 0.15-m normal incidence Rowlandlei
imaging spectrograph. The imaging spectrographséain the spectrograph section of the instrument,
contains a reflective holographic diffraction gngtiand a UV-sensitive, solar-blind, 2-D open-stuiuet
micro channel plate (MCP) detector located on tbe/lBnd circle. This MCP detector utilizes a double-
delay line (DDL) anode readout array and an MCRagis composed of three MCPs stacked together.
The command-and-data-handling (C&DH) and deteckectnics (DE) section is directly behind the
spectrograph section next to the detector. Dualndant high-voltage power supplies (HVPSs) thas bia
the detector MCP stack reside in a housing cawtyird the OAP mirror.

The DDL detector system outputs to the commandeitd-handling (C&DH) electronics, pixel location
for each detected photon event consisting of atsglesnd spatial coordinate. The first (x) dimemnsi
provides the spectral location of the detected @haand the second (y) dimension provides one-
dimensional spatial information. The events aaeessed by the C&DH electronics. The C&DH is also
the controller of LAMP instrument; it receives coamas from the spacecraft, acquires data from the
MCP detector system, and returns telemetry to plaeecraft. Science data generation is performed by
the detector hardware but the CDH also controfsftiiction. The LAMP instrument has two acquisitio
modes (see below) in which the spectral/spatiah deim the detector is processed by the C&DH
subsystem.
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Figure 1: Three-dimensional view of LAMP with the top cover and baffle removed.

TA004807

All following descriptions assume a nominal opargtinstrument. The instrument hardware provides a
basic, hardware controlled, default pixel list d@sdion mode which is activated when the instrument
control hardware detects (multiple) successivetisoe) failures. This mode is called the State hiae
Mode (SMM), for a description of this mode the rerads referred to the instrument C&DH hardware
description.

Both optical elements (OAP mirror and grating) aeeh a single monolithic piece of diamond-turned
aluminum, coated with electroless Ni and polisheth@ low-scatter polishing techniques. The optical
surfaces are coated with sputtered aluminum andtegtive overcoat of magnesium fluoride (Al/MyF
for optimum reflectivity within the far UV (FUV) stral passband of LAMP (650-1200 A). Besides
using low scatter optics, additional control ofimtal stray light is achieved by the use of telpsdoaffle
vanes, and a low-scatter holographic diffracticatigg with near-zero line ghost problems. The tzps
baffle vanes also act to shield the OAP mirror froaombardment of small particles that can enter the
telescope entrance aperture over a large rangeaoiing angles. A zero-order baffle in the spectaph
section prevents zero order light reflected offgheting from scattering back to the detector.

For contamination control during flight, heatere amounted to the back surfaces of the OAP mirrdr an
grating to prevent cold trapping of contaminantse MCPs are themselves heaters; when high volgage i
applied to the MCP Z-stack, they heat up becausmulie-heating. This property can be utilized dyrin
flight to prevent cold-trapping of contaminants thre MCP surfaces. In addition, the detector has a
vacuum cover with a MgFwindow to protect the MCP and the Csl photo cagisoffom moisture
exposure during ground operations and integrafitns once-acting door will open at a suitable time
after launch when the spacecraft has had an adepesod of time for outgassing.
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The housing structure of LAMP is machined from kdspiece of 6061-T651 aluminum, chosen because
of its strong, lightweight properties. In additicuminum allows for an athermal design, since both
optical elements (i.e., the OAP primary mirror @mdting) are also made of aluminum.

To protect the interior of the instrument duringgnd operations and test, a front aperture doarcidra
open and close by telecommand is included in th&BAdesign. This door is housed in the telescope
section of the instrument. To further protect thieiior of the instrument during ground handlingl an
testing, a red-tag cover will be used that attatheise front end of the telescope section.

S/C Power S/IC TM/ITC
Interface Interface
Lunar
I Terminator |«— Photons
Lvese || | cepH Sensor
Drivers "| Electronics |, l
T 7y Detectqr DDL Detector
Electronics |«
A\ 4
A
HVPS

Figure 2: LAMP instrument top level electronics blo ck diagram

All following descriptions assume a nominal opargtiinstrument. The instrument hardware also
provides a basic, hardware controlled, default Ipiise acquisition mode, which is activated wher th
instrument control hardware detects (multiple) sssove (software) failures. This mode is calleg th
‘hardware limp-along’ mode; for a description ofstmode, the reader is referred to the instrument
C&DH hardware description. Once this mode is atéd any software control of the acquisition
operation is disabled, until the instrument is t¢gewer cycle or S/C reset).

2.1.1 Science Operations

2.1.1.1 Detector and Detector Electronics

The LAMP instrument is a Rowland-circle imaging sfpegraph that uses state-of-the-art MCP detector
and UV optics technology. The telescope sectiomdes light entering the entrance apertures onto the
entrance slit of the spectrograph section. Liphat passes through the slit strikes a concave regpbic
diffraction grating, which focuses the LAMP passbbawavelengths onto the MCP detector.
Photoelectrons are created by the photocathodeialaia the front surface of the MCP Z-Stack anel ar
multiplied by the Z-Stack to create an amplifieduge cloud of ~10electrons/event that is accelerated
across a narrow gap to the DDL 2-D anode arraye miltiplication factor (or gain) of the detector
depends on the supplied detector high voltages allows the HVPS setting to be used as a gairraont
When this charge cloud exceeds a specified amplikenel set by the detector threshold, it will fegua
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valid detected event. In response to the eveatattode outputs signals that are converted bydtestr
electronics into a pixel location on the array.

LRO-LAMP Detector Gain

20080206 (19 °C, 4.5 kHz Maximum Countrate)
100% <>

N /',,H”'v

60% +

40% +

20%
0%7 & 0000 :A‘/

-4.10 -4200  -4300  -4400  -4500  -4600 -4700  -4800  -4900  -5.000
HV setpoint (kVolt)

Gain (normalized, %max)

Figure 3: LAMP detector multiplication factor (gain ) dependant on High Voltage

Thus the use of the word pixel refers to the remllocation where the charge cloud hits the andde
detector electronics encodes 1024 spectral pixkinots and 32 spatial pixels. For each event, the
detector also reports the amplitude of each chaugge as a six-bit number that can in histogramerize
histogrammed into a pulse-height distribution by @&DH electronics. The field-of-view (FOV) of the
instrument is such that six of the spatial rowso{®3 bottom) are not in the active field of viewtbe
instrument and are used to store the pulse-heigtat dlong with two detector electronic stimulation
pixels, both of which are used for electronic diegjits and detector health monitoring.

The LAMP instrument can process the detected mxehts in two different primary modes of operation
— pixel list and histogram which are described Weldn both acquisition modes, the hardware proviae
double buffer, one buffer is used for the curraatadacquisition, and the data in the other bufeseint to
the spacecraft. This makes it possible to perfoomtinuous acquisitions. In both cases scienca dat
transfer from the instrument to the spacecraft adur at a burst rate of 1 Mbps. The block sizthe
transfers is 32 kword, resulting in a transfer toraof about %2 second.

2.1.1.2 Pixel List Acquisition Mode

The main LRO-LAMP data acquisition mode is the Rligt acquisition; this mode is used for lunar
observations. In pixel list acquisition mode, tinstrument stores event data as it arrives from the
detector system. Each detected event is storadcomsecutive word (16 bits) in the acquisition ragm

In this mode the detector memory is used as a 32ot@tions deep list that can store 32,767 events.
indicate event information, the top bit of the wasctleared and the remaining 15 bits contain thene
information. In order to provide timing informatip“time hacks” are also stored in this acquisition
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memory. These time-hacks are inserted at a progedoie interval between 4 and 512 ms, and also take
up one word in the detector memory. For the timekh the top bit is set and the lower 15 bits pted
counter value. During a pixel list acquisitione thulse height data is discarded. When the adiguisi
memory is full or the acquisition is stopped, thefér contents is read out and a block of 32 k wak
sent to the spacecraft. The filling rate of thguasition memory depends on the actual event nadetlze
selected time hack interval.

2.1.1.3 Histogram Acquisition Mode

In addition LRO-LAMP provides a histogram acquisitimode. This mode is mainly used for calibration
acquisition operations and allows for long inteigmag to obtain observations of dim objects withhhig
signal to noise ratios. In histogram acquisitionde, the detector counts the number of eventsatieat
occurring at each of the 1024*32 = 32,768 (32 kxdtions” provided by the detector electronics aver
period of time (called an observation). Each efhistogram counters consists of a 16-bit numbecée

for each location a maximum number of 65,535 eveatsbe counted. When this maximum number is
reached during an observation, the counter is ngdoincremented and the corresponding pixel besome
saturated. By operationally selecting suitable osype durations (excessive) saturation may be
prevented. In addition to the spectral/spatiatdgisam, a pulse height histogram based on the pulse
height information that is provided with each dételcevent is acquired. For histogram operati@amall

area in the bottom row is reserved and 64 locatiwasused to store the counter for this histogrdimis
pulse height histogram is referred to as the pudsght distribution, and is useful for instantarebealth
monitoring of the detector MCP gain characteristicBhese counters are also 16 bits deep and, thus
provides for a maximum count of 65,535 events rer BVhen an observation is completed a single read
out results, in which each of the 32 k histograoatmns is represented as a 16-bit number.

2.1.1.4 Science data format and masking operation

The LAFS does not have direct access to the detegtnt data; this data is handled by the acqoisiti
hardware and stored in the acquisition memory alingrto the selected acquisition mode. Each detect
event consists of an event location specified apectral (10-bits resolution) and a spatial (5-bits
resolution) coordinate in addition to this the gmilheight’ of an event is determined (6-bits retsari).
The acquisition mode determines how this dataoiedtin the acquisition memory:

* In pixel list mode, the acquisition memory contaamisiresses of pixel events in sequence as they
occur. In Pixel List mode there is also a time kr{arspecial value) inser